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[57] ABSTRACT 

A method and apparatus for synthesizing a stable reference 
signal of a desired frequency within a spread spectrum 
receiver is disclosed herein. The spread spectrum receiver is 
designed for use in conjunction with a global positioning 
system (GPS) receiver, and operates to receive broadcast 
differential GPS correction informaUon. The present fre- 
quency synthesis technique contemplates generating a~ 
sequence of timing signals within the GPS receiver on the 
basis of GPS satellite signals received thereby, and provid- 
ing the timing signals to the signal receiver. Within the 
signal receiver, the signal cycles of a local oscillator occur- 
ring between ones of the timing signals are counted. The 
frequency of the local oscillator is then determined by 
dividing the counted cycles of the local oscillator by one of 
the known time intervals. The determined frequency of 
output signals produced by the local oscillator is then scaled 
so as necessary to produce the reference signal of desired 
frequency. This allows precisely controlled reference fre- 
quencies to be obtained irrespective of the existence of 
frequency instability within the local oscillator. In a pre- 
ferred implementation, the stable reference signals are 
employed during acquisition of differential GPS correction 
signals received by the spread spectrum receiver. In 
particular, the desired reference frequency is incrementally 
adjusted during the process of searching for and acquiring 
the exact frequency of the incident differential GPS correc- 
tion signals. Tne spread spectrum receiver is disposed to 
provide differential GPS correction information extracted 
from the acquired differential GPS correction signals to the 
GPS receiver. 

8 Claims, 2 Drawing Sheets 
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METHOD AND APPARTUS ™ AO*™* %Z$^X£?S£ STS2 

FREQUENCY SYNTHESIS USWG GLOBAL X^Llpps timing output is then made to coincide 

POSITIONING SYSTEM TIMING PJJ ^iWoRetwe^ eacti^econd of the estimated GPS 

INFORMATION ^daSe. 

. in at least one existing system, fte differential OP5> 

The present invention relates generally to timing ana g^e^o,, specifying the satellite clock offsets and 

frequency control of communication receivers. More ^ ^ ^ collected by a plurality of widely 

particularly, the present invention is directed to a technique distributed terrestrial CPS reference stations. This correction 

for generating accurate reference frequencies within spread ^ fa to a eentra l satellite communication facility, 

spectrum communication receivers using tuning information to u ^ o-ansmitted on an uplink channel to orbiting 

available from the Global Positioning System ("GPS"). communication satellites. Next, the correction data is broad- 

„„, „,„ _ _ rt „ cast from the orbiting communication satellites to terrestrial 

BACKGROUND OF THE INVENTION ^fTthe form of a C-band spread spectrum signal. 

The global positioning system (GPS) may be used for Accordingly, C-band spread spectrum receivers are often 

determining the position of a user on or near the earth, from deployed in association with GPS receivers to enable acqui- 

signals received from multipk orbiting satellites. The orbits sitioll of mc broadcast differential GPS correction signal, 

of the GPS satellites are arranged in multiple planes, in order ^ broadcast differential GPS correction signal is 

that signals can be received from at least four GPS satellites aequircd by such a C-band receiver, the inherent differential 

at any selected point on or near the earth. GPS correction data produced by the various terresmal 

The orbits of the GPS satellites are determined with reference stations is extracted from the received signal. The 

accuracy from fixed ground stations and are relayed back to differential GPS correction data corresponding to eachter- 

ihe soacecraft In navigation applications of GPS, the tcstrial reference station is then weighted and combined. The 

fctitude longitude, and altitude of any point close to the weighting function is typically based on. among other 
earth can be calculated from the times of propagation of the „ things, the proximity of the C-band receiver to each of 

decteomagnctic signals from four or more of the spacecraft various terrestrial GPS reference stations responsible for 

ttTSTSEown location. A measured range, or generating the correction data. Tta C-bud recover » p£ 

•Dseudorange" between the GPS receiver at the unknown yided a rough position estimate by its companion GPS 

location and the four satellites within view is determined receiver, which allows the spread spectrum receiver to 

based on these propagation times. The measured range is determine its proximity to each of the fixed, terresmal OPS 
retoed to as r^utaange because there is generally a time * reference stations. After the differential GPS correction data 

S«« offset between timing clocks on the satellites is weighted, the weighted differential GPS correction data is 

and a limine clock within the GPS receiver. Thus, for converted within the C-band receiver to a standard format 

toee-dimensional position determination at least four sat- The formatted differential GPS correction data is then trans- 
ellite signals are needed to solve for four unknowns, Le., the 3J f erred to the GPS receiver to enable calculation of a refined 

time-offset together with the three-dimensional position. position estimate. 

The nature of the signals transmitted from GPS satellites The C-band receiver typically executes a frequ«ncyand 

is weU known from the literature, but will be described code searching procedure as partof the poem <J>^?« 

briefly bvway of background. Each satellite transmits two the broadcast differential GPS correction data. This 
SsLctrum signahin the L band, known as LI and L2, w involves, for example, adjusting the tuaog of pseudoran- 

w^1eSSe^S,uendes.Two signals are needed if dom code locally generated wifltin me C^nd^e^ntti 

71 desired to eliminate an error that arises due to the it matches that of the incident different^ GPS correction 

refraction of the transmitted signals by the ionosphere. Bach signal. In addition, the mixing frequency locally gyrated 

7mfc^i7gnTis modulated in the satellite by at least within the C-band receiver must be adjusted to account for 

otfof ^^eutoaadom codes unique to the satellite. This 4J any Doppler shift inherent within tte mcident differential 

Xws fteToand signals from a number of satellites to be GPS correction signal. Signal searching typ'caUy I^oceeds 

Xdually identified^! separated in a receiver. Each by adjusting the mixing frequency m small 

c*rier is also modulated by a dower-varying data signal bins), with the timing of the locally generated code abo 

defining me satellite orbits and other system information. being varied within each frequency bin/Hus search is thus 

Th-T h»n<t fiPS satellite sienals also carry information 50 "two-dimensional" in mat both signal frequency and code 

J^M^^^^^o UTC time. 50 offset are manipulated until the incident correction stgnal » 

Within each GPS receiver, mis timing information is used to acquired. 

cSf a lo^GTC reaver clock. Such calibration facili- Such a twonlimensional search strategy may require 
SffaoKnal aStion, and enhances accuracy of considerable time for signal acquisition to be achieved, 

StaSZS £ by the GPS receiver. w particularly if cost is minimi^ by ^*»«"^ 

£££ e^h satdlite, the GPS receiver averages a increase the time required for signal acquisition. 
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use in acquisition of differential GPS concern signals. ^ ^^^^i on to * ^formed within the GPS 

SUMMARY OF THE INVENTION receiver It. ^ 

... . The differential GPS correction information provided by 

In summary, the present invention is designed for impie- ^ rj-band rcccivcr 20 arc also utilized by a timing pulse 
mentation within a system comprised of a global ^fhoaing ^ 40 ^thin the GPS receiver 10. Specifically, the 

system (GPS) receiver and an associated spread spectrum lQ e ^ gcncrator 40 uses the GPS satellite signals received by 
signal receiver for receiving differential GPS cc ™**°j| ^ Gps 10t to generate a timing pulse sequence 

information. The present invention relates to a method ana synchroni2e<5 to GPS or UTC time. For convenience, the 
apparatus for synthesizing a stable reference signal ot a ^ sequence will be described hereinafter as being 

desired frequency within the spread spectrum signal ^h^^ t o GPS time, it being understood that synchro- 
receiver. In particular, the present invention contemplates ^ ^ tjjx time is equally within the scope of the 
generating a sequence of timing signals within the GR» ^ tendon. 

receiver on the basis of GPS satellite signals ^ ^ ^ timing pulses wfll typically be provided 
thereby, and providing the timing signals to the signal to ™J25^ 20 by the pulse generator 40 

receiver. via the dedicated timing line 70 at an exemplary rate of 1 

Within the signal receiver, the signal cycles ot a local ^ ^ Thc timing pulsc sequence is then 

oscillator occurring between ones of the timing signals are ^ t0 ^timate the frequency of a local oscillator 50 once 
counted. The frequency of the local oscillator is then oeter- Gps sccoml ^ output of the local oscillator 50 may 

mined by dividing the counted cycles of the local oscillator ^ . q frequency (Le , ( multiplied and or divided) 

by one of the known time intervals. The outran signals ^ ncccssaiy to prov ide a reference signal of a desired 
produced by the local oscillator are then scaled in fluency 25 fre quen cy for use elsewhere within the spread spectrum 
as necessary to produce the reference signal of desired ^. yer ^ ^ a ^^^1 embodiment the reference signal 
frequency, which is used during local generation of the scaled sccond as a means of expediting the search 
spread spectrum code. In mis way a precisely controlled fa ^ instantaneous frequency of the differential GPS 
reference frequency may be obtained irrespective of the . ^ ^ recei ved by the spread spectrum 

existence of frequency instability within the local oscillator. ^ ^ ^ way mc present invention obviates the 

In a preferred implementation, the stable reference signal ^ fQ[ ^ mclusion 0 f an expensive, high-precision local 
is employed during acquisition of differential GPS correc- osdUator within thc spread spectrum receiver 20 in order to 
tion signals received by the spread spectrum receiver. In obtaifl fl fitable rcfer ence frequency. Instead, me present 
particular thc desired reference frequency is incrementally ^vennon contemplates use of the tuning pulse sequence 
adjusted during the process of searching for and acquiring 35 b y the GPS receiver 10 as a means of enabling a 

the exact frequency of the incident differential GPS correc- recise reference frequency to be synthesized from an 
tion signals Once the incident differential GPS correction ^wist imprecise local oscillator signal. This allows the 
signals Thavc been acquired, the spread spectrum receiver is local orator 50 to be realized inexpensively, without 
disposed to provide differential GPS correction information conmrismg the frequency precision of the reference signal 
exacted from thc differential GPS correction signals to the 40 used ^ acquisition of incident differential GPS correction 
GPS receiver. signals. 

, „ ATTrrvT ^ c A referred manner in which such a precise reference 

BRIEF DESCRIPTION OF THE DRAWINGS ^ y o^nthesized in accordance with the inven- 

Additional objects and features of the invention will be tion is set fc^ bdow. This <U™ 
more rS apparent from the following detailed cescrip- 45 by a brief description of those aspects of the GPS receiver 
tion and appended claims when taken in conjunction with 10 pertinent to the present invention, 
the drawings,* which: Turning again to FIG. 1, the L-band frequency sjjpab 

FIG 1 shows a block diagram representation of a global simultaneously received by an antennaM from a rJuraUtyof 
J&2^ * C-band spread 5Q GPS sateUites are supplied to an ™V«^"^ 

configure io accordance with the present 50 54. Within the processing network 54 J* « 
speeffum receiver g sateUite signals are frequency downconverted to a p undity 

DESCRIPTION OF THE PREFERRED The OPS baseband processing network 60 will typically 

EMBODIMENT include a plurality of baseband processing circuits (not 

. u kwv Hi.cmm shown!, each of which is associated with a separate satellite 

Referring to FIG. 1. there * shown a Mock diagram & reC eived. Each of the baseband 

re^esentattonof agl*alp^sl^sy^(Gre^« « a « - s ble of recognizing the digitized 

10 and a C-band spread spectrum receiver 20. The OPS ^"^^ w p^^g network 60 corresponding to 
receiver 10 and spread spec^ receiver 2fl STS^ relation is effected by decor- 
two-way communication over a £gTe digitized IF outpSs using locally generated 
such as an RS-232 data link. In the «**^ * || „ of theCTAand P codes unique to each satellite. As 
4espreadspectrumreceivff20receJv« « Efi££ Iby EwTw£*too. derived from the digital 
GPS^ction signalsfromGPS ^«SSSSal ff«3? SKlW—M within the GPS baseband 
(not shown). The receiver 20 extracts differential UR> ir **w> »i" 
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^ aecwo* 60 is provided to . « m*£m ^^^1^^^^^ 

controller* 64. In particular, satellite code and phase «£K££Khe Sy-generated PRN code (also 

measurements, as well as OPS timing informaUon, are cci replica). By appropriately 

passed from the baseband GPS processus network 60 to the ^^^J^c locaUy-generated PRN code, toe 

GPS navigation controller 64. correction date compiled by the GPS reference stations is 

In addition to making position/velocity detennmattons, ^ b me demodulation network 108 from the 

me GPS navigation controller 64 fiinctionsto calibrate a C(jatatioa ^psl. However, In the present 

local clock 68 within the GPS receiver 10. The local dock me conventional phase code adjustment is modi- 

68 serves as the time base for the baseband processing ^ ^ with chang es in the measured frequency 

network 64, as well as for the timing pulse generator 40. me ^ ^ to easmc tot me code acquisition 

timing pulse sequence produced by the tuning pulse gen- . £ wocee<Js at the correct rate. In other words, the 

erator 40 is passed to the spread spectrum receiver 20 over ^ ss automa tically adjusts for fluctua- 

a dedicated timing line 70. &oas in ^ frequency of the local clock by adjusting the 
Within the spread spectrum receiver 20, the timing pulse ^ . e q{ ^ locaUy gcncra ted code in accordance with 

sequence from the timing line 70 is provided to a cycle * nanges me measured local clock frequency, 

counter 80. which is coupled to me output of toe local ^ ^ ^e demodulation network 108 

oscillator SO. In accordance with the invention, the cycle autolMtlca ii y any further fluctuations in the fre- 

counter 80 is designed to count the number of sinusoidal £ refaence sigDal generated by me frequency 

cycles of the local oscillator 50 occurring between each pair ^ ^ „ 6 wbJcn j„ turn is affected by fluctuations in 

of pulses within the liming pulse sequence. Since in the ^ frequ eucy of the local oscillator 50. Nevertoeless, even 

preferred embodiment each pair of timing pulses is sepa- ^ ^ acquisition, me microprocessor 92 continues to 

rated by exactly one GPS second, the number of counted ^ ^ u to fee frequency synthe- 

cycles is equivalent to the average frequency over the ^ % ^ flg £(> keep me frequency of the reference signal 
counting interval of the local oscillator 50. . . as generated by the frequency synthesizer 96 as close as 

The cyde counter circuit 80 includes a counter circuit _84 ^ to ^ selected target value, 
connected to the output of the local oscillator 50. and a correction data from each GPS refaence station is 
counter control circuit 88 for controlling the counter am* the netwolk m to the microprocessor 92. 
84basedonmetimingpulsesequence.l^rec«ptof each which also receives from the GPS receiver 10 an estimate of 
timing pulse, the counter control circuit 88 stops die counter M co-located GPS and spread spectrum 
circuit 84 and latches the number of cycles of fte local P» ^ ^ ^ ^ from each GPS 
oscillator 50 which have occurred subsequent to , the jjrevi- weighted on the basis of various 
ous timing pulse. The counter control arcuit 88 thenrepoits ™cre of which typically corresponds to Che proximity 
this counted number of cycles (Le., the measured frequency ™^£^ghm to the estimated position of the 
of the local oscillator) to a imcroprocessor controUer 92. and 3J ^ spectrum receivers 10 and 20. After the 
resets the counter circuit 84. After being reset, the counter "ta^f^pg 'reference station correction date is 
circuit 84 again begins counting the cycles of local oscillator ^ ^ ^ ^un^t differential GPS cor- 
50. recdon factor Is provided by the rnicroprocessor 92 to toe 
The output of the local oscillator 50 is also provided to a Qps IKeiya 10 oyer the data link 30. The differential GPS 
frequency synthesizer 96. Since the microprocessor control- « correctioB factcf is meB use d to adjust the pseudorange 
ler 92 is aware of the instantaneous measured frequency ot mcaJUrcments performed within the GPS receiver 10 in 
the local oscillator 50, the frequency synthesizer 96 may be accordanc e wim conventional differential GPS techniques, 
instructed to scale the local oscillator frequency so as TO generalized schematic repre- 
produce a reference signal of JZ?l?%S£r« the frequency synthesizer 96 and 
reference signals are used by a C*an(WF pnmlil 45 J^^g netW0 ik 101 The frequency synthe- 
work 102 to search for the exact frequency of the incident Cband/l^ P^T^ a ^ of frequencv dividers 110 
differential GPS correction signals. ^ u2 ^p,^ t0 ^ ou tput of the local oscillator 50. The 
Referring to FIG. 1. the differential GPS correction sig- - uency dividers no and 112 are programmed by the 
nals incident upon antenna 106 of the C-band 20 ^ aictoacoasssar 92 (FIG. 1) to scale the local oscillator 
provided to the G-band/IF processing network 102. The so -T^ b ^ factars ^4 and 1/N3, respectively. The 
processing network 102 functions to acquire the frequency synmesizer 96 further indudes a pair of frequency 
of the received differential GPS correction signals in a m ^ ' s 116 and 118 coupled to the outputs of the 
conventional manner by sequentially searching a set ot frequency dividers 110 and 112, respectively. The multipU- 
frequency "bins" centered about a nominal C-band center ^ m m ^^^^ t0 effect frequency multi- 
frequency. This search is controlled by to e maor«ocessor a Uca( . on b me factOTS Nl and NZ respectively. 
92, which commands the frequency^thesizer 96 te pro- F embodiment of FIG. 2. the frequency 
vide the required reference signal frequena^to^toe pre- JJ^^^g^ a fed-value frequency 
cessing network 102. In the preferred embodiment this 122 mterDosed between the multiplier 116 and an 
frequency search proceeds in parallel with a code search, ^^^Sc^n^ processing network 102. 
wSchlsdfected by a code acquisition and ^duUtion «, Jj^^SXftlSSSSr 128 is connected 
network 108 under the control of the rmcroprocesscc W As 118 ^ an I-channel IF 
part of this control process, microprocessor 92 provides toe ^^ C j£Xc3?F processing network 102. 
network 108 with a code rate off«t associated with the ^ ^"j^ ^ ^ ^ed between toe fixed 
particular frequency bin being searched. dMdcr 128 and a^J-channel IF mixer 136. 
Tteinddent C-band correction signal includes correction 63 cMrecti0B si ^ 

^IV^^f^X^ re^^C^dantenna 106 (FIG. D are fllteredby 
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an RF bandpass filter (BFF) 140. In the exemplary embodi- 
ment of FIG. 2 the RF BFF is centered about 3847.5 MHz, 
and has a passband extending from 3760 to 4160 MHz. The 
filtered RF signal from the RF BFF 140 is mixed down to an 
exemplary IF frequency of 902.5 MHz within the RF mixer 
126 using a 2945 MHz reference frequency from the fre- 
quency synthesizer 96. The 2945 MHz reference frequency 
is obtained by programming the divider 110 to scale me 20 
Mhz local oscillator frequency by the factor 1/24 (ix., 
l/N4=l/24), and by prograrnming the multiplier 116 to 
multiply by a factor of 1178 (i.e., N1=H78). In the exem- 
plary embodiment the fixed multiplier 22 is configured to 
effect frequency multiplication by a factor of 3. 

The 902.5 MHz IF signal from the mixer 126 is then 
filtered by a high-band IF filter 144. In the exemplary 
embodiment the high-band IF BFF 144 comprises a pair of 
series-connected 2-pole bandpass filters, each being cen- 
tered at 902.5 MHz and each having a 3-dB cutoff frequency 
of 20 MHz. 

The C-band/IF processing network 102 further includes 
an IF mixer 148 operative to further downconvert the 902.5 
MHz output of the IF filter 144 to an exemplary low-band IF 
frequency of 53 .088 MHz. This is achieved by providing the tf 
IF mixer 148 with a 849.412 MHz reference frequency, 
which is also generated within the frequency synthesizer 102 
using the 20 MHz output of the local oscillator 50. 
Specifically, the 849.412 reference signal is generated by 
pr^amming: (i) the divider 112 to scale the local oscillator 
frequency by a factor of 1/17 (i.e. 1/N3=1/17). and (u) the 
multiplier 118 to perform frequency multiplication by the 
factor 722 (ie., N2=722). 

The 53 088 MHz IF signal from the mixer 148 is then 
filtered by a low-band IF filter 150. In the exemplary 
embodiment the low-band IF BFF 150 comprises a pair of 
series-connected 2-pole bandpass filters, each ^ cen- 
tered at 53.088 MHz and each having a 3-dB cutoff fre- 
quency of 13.5 MHz. 

Referring to FIG. 2, the I-channel and Q-channel mixers 
130 and 136 each receive the 53.088 MHz output from the 
low-band IF fitter 150. In addition, the I-channel mixer 130 
receives a 53.088 MHz reference signal from the fixed-value 
divider 132, and the Q-channel mixer receives a phase- 
quadrature version of the 53.088 reference signaL The 
resultant I-channel and Q-channel baseband outputs from 
the mixers 130 and 136 are then filtered by I-channel and 
Q-channel low-pass filters (LFFs) 140 and 144, respectively 
In the exemplary embodiment the I-channel and Q-channel 
LPFs 140 and 144 are each realized as a 2-pole LFF having 
a 3-dB cutoff frequency of 20 MHz. The filtered baseband 
I-ohannel and Q-channel signals from the LFFs 140 and 144 
are then digitized by an I-channel analog to digital converter 
(A/D) 168, and by a Q-channel A/D 172, respectively, prior 55 
to being forwarded to the code acquisition & demodulation 
network 108, 



60 



The code acquisition & demodulation network 108 oper- 
ates in a conventional manner (except that the code acqui- 
sition search process is modified in accordance with the 
measured frequency) to extract the correction data associ- 
ated with a plurality of terrestrial GPS reference stations 
from the digitized I-channcl andQ-channcl bascbandagoab 
provided thereto by the C-band/IF processing network 102. 
After the differential GPS correction data is weighted and 65 
combined within the microprocessor 92, the resultant dif- 
ferential GPS correction factor is converted into a standard 



format (e.g., FTCM SC-104) for transmission over the data 
link to the GPS receiver 10. 

Various modifications to the embodiments disclosed 
herein may occur to those skilled in the art without departing 
from the true spirit and scope of the invention as defined by 
the appended claims. 
What is claimed is: 

1. In a system including a global positioning system 
(GPS) receiver and a signal receiver coupled thereto, a 
method of synthesizing a reference signal of a desired 
frequency within the signal receiver, comprising the steps 
of: 

generating timing signals within the GPS receiver on the 
basis of GPS satellite signals received thereby, and 
providing the timing signals to the signal receiver in an 
open loop arrangement, wherein the timing signals are 
separated by known time intervals; and 
in the signal receiver, counting cycles of the local oscil- 
lator occurring between ones of the timing signals to 
produce a count value indicative of the local oscilla- 
tor's frequency, and synthesizing a reference signal for 
use by the signal receiver, the synthesizing step includ- 
ing calibrating a frequency synthesizer driven by the 
local oscillator in accordance with the count value so as 
to synthesize the reference signal at a desired fre- 
quency. 

2. The method of claim 1, wherein the timing signals are 
generated at the rate of one per second. 

3. The method of claim 1. further including the steps of: 
while using the reference signal to tune the signal 

receiver, receiving at the signal receiver differential 
GPS correction signals; and 
communicating correction information to the GPS 
receiver corresponding to the received differential GPS 
correction signals, 

4. The method of claim 1, wherein the signal receiver is 
a C-band receiver configured to receive differential GPS 
correction signals from one or more GPS reference stations; 

the method further including communicating correction 
information to the GPS receiver corresponding to the 
received differential GPS correction signals. 

5. A navigation system, comprising: 
a global positioning system (GPS) receiver, the GPS 

receiver including signal processing circuitry that gen- 
erates timing signals on the basis of GPS satellite 
signals received thereby; 
a signal receiver having a local oscillator; 
an open loop link coupling the GPS receiver to the signal 
receiver; 

a cycle counter in the signal receiver for counting oscil- 
lations of the local oscillator, the cycle counter includ- 
ing a port for receiving the timing signals from the GPS 
receiver via the open loop link, the cycle counter 
counting cycles of the local oscillator occurring 
between ones of the timing signals to produce a count 
value indicative of the local oscillator's frequency; and 
a frequency synthesizer, in the signal receiver and driven 
by the local oscillator, that is calibrated in accordance 
with the count value so as to synthesize a reference 
signal at a desired frequency. 
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6. The navigation system of claim 5, wherein the signal 
processing circuitry in the GPS receiver generates the timing 
signals at the rate of one per second. 

7, The navigation system of claim 5, Including: 

a signal receiving network in the signal receiver that is 
tuned In accordance with the reference signal and that 
extracts differential GPS correction signals from sig- 
* nals received by the signal receiving network; and 
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a data link for communicating correction informatioD to 
the GPS receiver corresponding to the extracted differ- 
ential GPS correction signals. 
8. The navigation system of claim 5, wherein the SLgnal 
receiver is a C-band receiver configured to receive differ- 
ential GPS correction signals from one or more GPS refer- 
ence stations. 

* * * * * 
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